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PRESENT NEEDS OF SCIENCE INSTRUCTION IN
SECONDARY SCHOOLS.1
By ROBERT A. MILLIKAN,
The University of Chicago.

After more than two years of entire absence from the active
pursuit of educational matters, it is a real delight to me to be
back here in touch with our common problems. We are all
exceedingly happy to be through with our war jobs and yet the
war did one big thing for many, particularly for those of us who
had the opportunity to be in the service with which I was con-
nected, namely, the aviation service. It gave us a chance to get
away from the details of our surroundings and to look things over
from the point of view of the bird. And if we could glimpse
our educational problems too from an airplane I think some of us
would see things in a new light. I know that I am not expressing
merely an individual opinion when I say that there is a general
conviction that something more is needed in our science instruc-
tion in the secondary schools than we now have, and I want
to give you in ten minutes here what I think this need is.

In the November nfeimber of The Atlantic, Mr. Dallas Love
Sharp says, "We live on and learn, but the lessons from seventeen
to seventy are only a review and an application of those from six
to sixteen. In any rational survey of education, therefore, the
higher schools and colleges are negligible. Our education as a
people is that of the secondary schools. In them, more than in
any other American institution, more than in all other American
institutions, are the issues of an enlightened national life; issues
no longer national merely, for the war has made them vital to
the life of the world.)> Never were truer words spoken, and it is
because I believe that they are true that I have come here to make
a plea. But I wish to go a step farther than Mr. Sharp and con-
sider what at least one of these issues is. I shall speak of only
one, but that one is of paramount importance. It is the place
of science in our educational scheme.
Everyone will agree that this is an age whose tap root is found

in the sciences, that it is an age in which that nation which is
most effective in ferreting out nature^s secrets and in applying
them to her industries and her commerce takes the lead in every
line of human endeavor. And yet we in America have not begun
as yet to awaken to our need and our opportunity. We are still
^ead before the General Meeting of the Central Association of Science and Mathematics
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scientifically asleep. We have neither as yet developed our
proportion of outstanding scientists, nor have we cultivated as
high a public appreciation of science as is found in most European
countries, and as we must cultivate if we are to keep our place
in the vanguard of progress. We must look primarily to the sec-
ondary schools to change this state of things. The time is more
auspicious now than it has ever been for effecting a change. The
great war has waked the world to the need of more thorough
work in the sciences. Every man in the service found that he
needed his science in order to get ahead. The industries are
finding that they need it and are calling for men who know their
science. I was in charge of the Meteorological Service in the
United States Army, and we had many requests from colleges,
universities and some secondary schools, asking what kind of
courses should be given in order to train men for the Meteor-
ological Service. We said, ^Give them some fundamental
physics and mathematics, and we will do the rest.^ Our man-
ufacturers, a great many of them, are expressing the same point
of view. I have talked with many of them. They say, ^We
want not so much men who are ready to be immediate producers
in our industry, as men who have a fundamental knowledge of
chemistry, physics and mathematics. With these as a basis.
we can soon teach the men what we want them to do.^ In re-
sponse to this demand every university of which I know has.
nearly doubled this year the registration in physics and chemistry
which it had before the war.
The time is ripe, then, for eliminating the weaknesses of our

science instruction in the secondary schools, and a first step
toward the solution is a recognition of what the weakness is.
But this seems to me so obvious that it is almost trite to mention
it. It is simply, as I see it, that the average pupil who goes
through high school does not get enough fundamental science,
and what little he does get is woefully superficial and scrappy;.
apparently it has become more so within the past ten years. I
suspect that thoughtful men the country over are fairly unani-
mous in thinking that the whole of our secondary school work is
in danger of becoming too largely a mass of fragments of knowl-
edge, and so far as science is concerned, there is no doubt about
it. We have been intensively pursuing what I called in an address
before the Physics Section in 1916 the pellet method of instruc-
tion in science, and we shall continue to pursue it unless you or I
or somebody gets hold of our principals and superintendents and.
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educational leaders and wakes them up to the tremendous need
and the incomparable opportunity in science.
Need and opportunity for what? First, need and opportunity

to get consecutive, systematic, thorough work in science in the high
school. This is, I think, primarily a matter of school adminis-
tration and organization, and I hope that some time principals
and superintendents will wake up to that fact. So long as they
continue to do what is called in the service "passing the buck^
aii,d put it all up to the teacher of science who is altogether help-
less without them, no progress can be made. So long as our
elementary science i& put up in tabloid form, by which I mean that
the science is split up into yearly or half-yearly doses without ante-
cedents and without consequents or continuity, we shall never have
the most worth-while science in the public schools, no matter what the
angle of approach, or what the arrangement of subject matter. The
crying need is not for a reorganization and rearrangement of
the subject matter of science. That has been done and redone
every year for twenty years to no avail and it will continue to
be done to no purpose until we get a reorganization of the cur-
riculum which makes it possible for the same group of pupils
to get, say, three continuous years of science. The general science
movement has, thus far, as I see it, been a step backward rather
than a step forward, because it has intensified the pellet science
evil instead of eliminating it. It is acceptable to principals and
superintendents because it is the easy thing from an administra-
tive standpoint to have no continuous courses at all, and it seems
to some of us that we have in recent years been doing for the most
part in our school organization the easy thing instead of the
pedagogically sound thing.

Let me say in just a word exactly what I want to see tried out
somewhere in the United States. It aims at two things
primarily, which I will call continuity and time-exposure in science;
incidentally, it aims at what the general science advocates want,
namely, an interlocking of the sciences so as to break down the
water tight compartment evil, but it does it without wasting a
year of time and substituting a smattering of science for real
science.

I want to see a group of students who plan to take a full high
school course begin in the .second year a three year course in
the fundamental sciences of physics, chemistry and biology.
During these three years the pupil would get the equivalent of
one unit of each of these sciences, but each of them would be
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spread over three years of time. The group would use any good
physics text, for example, and would meet for physics but twice
a week for three years, or during one of those years it might have
but one lesson in physics per week. A precisely similar plan
would be followed in chemistry and biology. It is very easy
to forget physics, but I think if for three years you keep the sub-
ject growing in a pupiFs mind, it is going to sink in. Here is
where we get our time-exposure in all three of the fundamental
sciences. We get continuity through having the same group
going more deeply each year into each of the sciences and solving
progressively more difficult problems. We get finally the inter-
locking of the sciences which gives a unity to the whole.2
The advantages are obvious and the general plan has been in

use in Europe for years. What are the disadvantages? The
principal says, "Administratively difficult.^ I think he over-
estimates the difficulty, but surely we cannot sacrifice the whole
purpose of education to administrative simplicity. Keep, if
you want to, your pellet science for the flotsam and jetsam of
your school population, for those who want to come to school
for a year or two and then leave, but at least do not sacrifice
the man who wants a sound and thorough high school course to
the convenience of the misfits. Is not that what we have been
d6ing to too large an extent in the past?
The war has demonstrated the value of science, it has waked

up some of our leaders to its possibilities, and has emphasized the
necessity for thoroughness in scientific training. It has opened
up the possibility of doing something constructive in the educa-
tion of our whole people to the appreciation and use of science.
I have wanted to present very briefly the big need, as I see it,
because there is now such an opportunity to get something
done as has never existed before. It is up to us science teachers
to see that something is done, but in my judgment nothing really
big can be done inside of the walls of the present organization of
courses.

sThe.details of this plan are somewhat more fully elaboratd in "The Elimination of Waste
in the Teaching of Secondary School Science" SCHOOL SCIENCE and MATHEMATICS, Vol. XVI,
March, 1916, p. 193.

MINING IN THE FAIRBANKS DISTRICT.
The Fairbanks district, in the Yukon’basin, has produced over $70,-

000,000 in gold and has been a source of considerable silver, lead, tungsten,
and antimony. The conditions in the district in 1917 are reported in a
paper by Theodore Chapin that forms part of Bulletin 692-F. Mr. Chapin
gives an account of the operations at the gold and the silver-lead lodes
and at the tungsten deposits.


